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Abstract- The levels of six trace metals namely iron, lead, 
manganese, copper, zinc and nickel were investigated in drinking 
water and groundwater sources in Ota, Nigeria.  Detected 
concentrations of Mn, Cu and Zn were below the World Health 
organization and Standard Organization of Nigeria maximum 
permissible limits. Fe (92%) and Ni (53%) in some drinking 
water and groundwater sources were found in concentrations that 
exceeded the maximum permissible limits for these metals. 
Notably, the levels of Pb were below detection limit in all the 
bottled, well and borehole water, with exception of the hospital 
borehole, while the swimming pool had high concentrations of 
Fe (0.88 mg/L), Pb (0.21 mg/L) and Ni (0.19mg/L) compared to 
SON (0.30 mg/L), WHO (0.01 mg/L) and WHO (0.07 mg/L) 
respectively. Pollution indices indicated significant pollution of 
Pb, Fe and Ni. Overall, the mean metal levels in the sampled 
water sources followed a descending order, 
Fe>Cu>Zn>Ni>Pb>Mn. Some of the drinking water and 
groundwater sources could be considered safe for drinking, but 
proactive measures should be taken to check the levels of Fe, Pb 
and Ni in the swimming pool. 
 
Index Terms- Water quality, Drinking water, Groundwater, 
Trace metals, Water pollution 
 
I. INTRODUCTION 
n recent times, there has been an increasing health related 
concern associated with the quality of drinking water in 
developing countries. According to a recent report by 
WHO/UNICEF, about 780 million people in the developing 
world lack access to potable water due largely to microbiological 
and chemical contaminations (1). Drinking water sources in these 
so-called developing countries are under increasing threat from 
contaminations by chemical, physical and microbial pollutants. 
Known sources (both naturally occurring and anthropogenic) of 
chemical contamination of water supplies include organic and 
inorganic substances from industrial effluents, municipal wastes, 
petroleum derived hydrocarbons, detergents, mining, agricultural 
pesticides and fertilizers (2, 3). Limnic and lacustrine aquatic 
ecosystems (fresh water lakes, rivers, streams, etc.) and 
groundwater (well, borehole, or spring water) are increasingly 
used for refreshment, domestic, industrial, agricultural, and 
recreational purposes. Surface water systems are particularly 
vulnerable to pollution than groundwater. However, it has been 
reported that groundwater contains enhanced concentrations of 
arsenic, iron, fluoride, radioactive elements and nitrates 
attributed to natural processes as well as human –mediated 
activities such as seepages from underground storage facilities 
and faulty septic systems (4).  
      Trace metals, among a wide range of contaminants, are 
consistently of health concern due to their toxicity potentials at 
very low concentrations, and tendency to bioaccumlate in tissues 
of living organisms over time (5). They gain entrance into human 
systems via contaminated drinking water, food and air. Once in 
the body, the bioavailable form of these metals can compete 
with, and displace essential minerals such as zinc, copper, 
magnesium and calcium; and interfere with organ system 
function (6). 
      Toxic metals such as mercury (Hg), cadmium (Cd), arsenic 
(As), chromium (Cr), thallium (Tl) and lead (Pb) have no 
beneficial effects in humans, as such long-term exposure may 
cause more severe disruptions in the normal functioning of the 
organ systems where the metals are accumulated. Pb, for 
example, is associated with a wide range of negative pregnancy 
outcomes, including early membrane rupture and spontaneous 
abortion, erectile dysfunction, and contributes to cardiovascular 
diseases (7). Metals such as As, Mn, Ti, Cd, Cr, V, Co, Cu, Fe, 
Pb, Ni, Zn and  their compounds have been shown to be initiators 
or promoters of carcinogenic activity in animals. Also, Be, Sb, 
Al, Hg, Ni, Cd and Co can cause adverse reproductive/fertility 
problems (8).   
      However, as micronutrients, some trace metals such as zinc, 
copper, iron and manganese are required by the body in small 
amounts for metabolic activities. These same elements, at higher 
concentrations can cause adverse health effects or illness (9). 
Zinc toxicity leads to diarrhea (10), manganese may hamper the 
intellectual development of the child (11).  Iron has been 
associated with genetic and metabolic diseases and, repeated 
blood transfusions (12) and copper toxicity is related to several  
health concerns, including stomach cramps, nausea, vomiting, 
diarrhea,cancer, liver damage and kidney disease (13).  
      In Nigeria, public and private water supplies are not 
sufficiently monitored by regulatory agencies such as National 
Environmental Standards and Regulations Enforcement Agency 
(NESREA) and National Agency for Food and Drugs 
Administration and Control (NAFDAC) respectively, resulting in 
proliferation and distribution of unsafe and substandard drinking 
water. However, taking cognizance of the far-reaching health 
consequences of deteriorating drinking water quality in the 
country, it has become imperative to comprehensively investigate 
the amounts of chemical constituents of these water sources.  
Therefore, this research work was aimed at assessing the 
concentrations of Fe, Pb, Mn, Cu, Zn and Ni in several water 
sources from a typical urban settlement in Nigeria.  It also 
attempted to determine the trace metal pollution indices as well 
as compare the observed concentrations with the water quality 
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permissible limits specified by the World Health Organization 
and Standard Organization of Nigeria. 
 
II. MATERIALS AND METHODS 
A.  Description of study area 
      Ota is a town in Ogun state, and the capital of Ado-Odo/Ota 
local government area. It has a geographical coordinates of 
6°41′00″N 3°41′00″E to the north of the Area. It is home to a 
number of manufacturing industries in Nigeria. Their major 
sources of water are underground and rivers.  
B. Sample collection, pre-treatment and chemical  
    analysis 
      Twelve water samples were randomly collected within Ota in 
Ogun state. The water sources include: borehole, well, bottled, 
sachet and swimming pool. Samples were collected in 1L 
polyethylene container. The sample containers were washed with 
20 % analytical grade nitric acid and rigorously rinsed with 
distilled deionized water. Prior to sampling, it was further rinsed 
with the actual sample. Collected samples were preserved by 
chemical adjustment of the pH < 2, by acidifying with 5 
milliliters of analytical grade nitric acid. This reduces 
precipitation and sorption losses to the container walls. After 
which the samples were stored under ice on transit and then 
refrigerated after arriving at the laboratory at a temperature of 
(4°C) prior to analysis. The water samples and reagent blank 
were digested using concentrated nitric acid (HNO3) for the 
determination of metal ions concentration and was further 
analysed using S series atomic absorption spectrophotometer 
(AAS). This was critical in order to destroy the organic matrix 
capable of trapping the trace metals, and thus making them 
unavailable for the instrumental analysis. Also, prior to metal ion 
analyses, calibration solutions of the target metal ions were 
prepared from standard stock by serial dilution. Quality 
assurance and control was performed according to the specified 
method of (14).  
 
III. RESULTS AND DISCUSSIONS 
      The swimming pool is expected to comply with the standard 
for drinking water (17). The suitability of swimming pool for 
intended purpose is dependent on the sanitation culture of the 
managers of the pool. Hence, to evaluate the safety of water for 
drinking and recreational purposes, concentrations of trace 
elements in water in the present study were compared with the 
guidelines for drinking-water quality established by WHO (15) 
and SON (16). The results shown in Table 1 for the levels of 
trace metals in drinking and swimming pool are the means of 
triplicate measurements. Table 1 shows the concentrations of 
trace metals namely- Fe, Pb, Mn, Cu, Zn, and Ni analyzed in 
borehole, well, bottled sachet and swimming pool samples in Ota 
and its environs. 
 
A. Trace metals below permissible limit (Mn, Cu and Zn) 
      Mn, Cu and Zn, which are considered as essential elements to 
the human body, were found in relatively low concentrations in 
all the samples. The concentration of Mn and Cu in the water 
sources were in the range of 0.02 to 0.08 mg/L and 0.04 to 0.75 
mg/L, respectively, while that of Zn ranged from 0.04 to 0.65 
mg/L (Table 1).  
 
Table 1.0: Observed concentrations (mg/L) of trace metals in drinking water and groundwater sources 
Sample location Sample 
ID 
Fe Pb Mn Cu Zn Ni 
Borehole 
Iyana borehole  
Hospital borehole 
 
BI 
 
0.46   
 
<LD        
 
0.04 
 
0.07 
 
0.09 
 
0.11 
BH 0.73 0.03 0.02 0.06 0.14 0.08 
NNPC borehole 
Covenant borehole 
BN 
BC 
1.41 
0.77 
<LD  
<LD              
0.08 
0.04
0.07 
0.17 
0.09 
0. 65 
0.09 
0.02 
Well 
C4 well 
Iyana well 
 
WC 
 
1.24 
 
<LD        
 
0.07 
 
0.08 
 
0.15 
 
0.03 
WI 0.11 <LD        0.03 0.06 0.04 0.08 
Bottled 
Kesh Bottled  
Hebron  Bottled  
 
KB 
 
0.42 
 
<LD        
 
0.05 
 
0.15 
 
0.11 
 
0.07 
HB 0.43 <LD        0.04 0.07 0.05 0.1 
Sachet 
Bakers Sachet 
Hebron Sachet 
 
BS 
HS 
 
0.41 
0. 58 
 
<LD        
0.01 
 
0.05 
0.02 
 
0.07 
0.04 
 
0.08 
0.05 
 
0.18 
0.07 
Swimming Pool 
Bells Pool 
Covenant Pool 
Standards 
WHO (mg/L) 
SON (mg/L)      
Remark                                                        
 
BP 
 
0.49        
 
0.21 
 
0.04 
 
0.44 
 
0.09 
 
0.13 
CP 
 
 
 
 
0.88 
 
    - 
  0.30 
APL           
0.05 
 
 0.01 
 0.01 
APL 
0.03 
 
- 
0.20 
BPL                  
0.75 
 
2.00 
1.00 
BPL
0.12 
 
- 
3.00 
BPL 
0.19 
 
0.07 
0.02 
APL 
<LD = below detection limit, APL = above permissible limit; BPL = below permissible limit,  
SON = Standard Organization of Nigeria, WHO = World Health Organization 
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Table 2.0:  Pollution Index for the metal ions 
 
Parameter Pollution 
 Index 
Iron 2.20 
Lead 7. 50 
Manganese 0.22 
Copper 0.08 
Zinc 0.05 
Nickel 1.37 
 
These values are far below the maximum permissible limit of 
0.20 mg/L (SON), 2.00 mg/L (WHO) and 3.00 mg/L (SON) 
respectively as shown in Table 1.  
      A previous work done in the same study area revealed that 
the range of concentration of Zn varied between 0.030 mg/L to 
no Zn detected in samples (18). When compared with the result 
for Zn (0.04 to 0.65 mg/L) in this work, an increasing trend of Zn 
present in water is seen.    
      Also, on comparing with similar study, investigating the 
chemical characteristics of these metals in Osun state, it was also 
seen that the concentrations of Mn, Cu and Zn in all the samples 
were below the regulatory desirable level for the metals in the 
various water sources (19). Based on the result from the various 
water sources in this study area, it can be implied that these trace 
metals do not impart undesirable taste and colour to the water, 
nor pose possible health threat to consumers. 
 
B.   Trace metals above permissible limit (Fe, Pb and  
      Ni) 
      The concentration of Fe in the different water sources shown 
in Table 1 ranged between 0.11 and 1.41 mg/L. Interestingly, It 
was observed that about 92% of Iron in all the water samples 
were all excessively greater than the SON standard for maximum 
permissible limit of 0.30 in drinking and swimming pool with 
exception of Iyana well water (WI = 0.11mg/L). The highest 
concentration of iron was recorded in borehole water collected at 
NNPC. The trend of accumulations of this metal in these water 
sources are as follows: borehole > well > swimming pool > 
sachet >bottled. Result agrees to previous works of (18, 20) 
where iron was reported to occur in high concentrations in 
ground and drinking water. This excess concentration of iron 
may be attributed to rocks and soil containing iron, which can 
dissolve into the water source. Even though iron poses no danger 
to health at levels found in drinking water, it may affect 
acceptability of drinking water by altering its appearance, taste, 
odour, stain clothing and appliances and promote the growth of 
iron bacteria in the water system (15). Hence, operator(s) may be 
advised to treat the water using a water softener or iron filter. 
      Lead concentrations above WHO and SON guideline (0.01 
mg/L) were present in 25% of the samples, swimming pool (C.P 
= 0.21 and B.P 0.05) and bore hole (B.H = 0.03) (Table 1). 
Notably, the levels of lead were below detection limit in all the 
bottled, well and borehole water, with exception of the hospital 
borehole. The possible sources of lead in these samples could be 
associated with the corrosive water effects on household 
plumbing systems containing lead in pipes, solder, fittings or the 
service connections to homes. The swimming pools are located 
along busy roads as such Pb contaminated street dust and lead-
based paint from the buildings in the vicinity could have 
contributed to the elevated value. Hence, the hospital borehole 
water is not fit for domestic purposes, and the swimming pool 
water may not also support recreational purposes until the Pb 
level is reduced since exposure to lead level above 0.01 mg/L is 
associated with a wide range of effects, including renal failure, 
impaired fertility and adverse pregnancy outcomes, 
hematological and neurological problems, permanent damage to 
the central nervous system, the brain, and kidneys (11, 15). 
      The results when compared with similar studies investigating 
the chemical characteristics of potable and surface water sources 
in Ota and  environs showed that while Pb ranged from not 
detected to 0.086 mg/L in tap, sachet and swimming pool (18), it 
was not detected in other borehole and well water sources 
investigated (21). This implies that Pb contamination in some of 
the water sources could be attributed more to anthropogenic 
activities than accumulation in ground water from the study 
locations.   
      The concentration of Ni as shown in (Table 1 ranged between 
0.02 mg/L and 0.19 mg/L obtained for water samples from BC 
and BP locations respectively. Nickel was present in all samples. 
Only 40% of the potable water samples were within the WHO set 
standard of 0.07mg/L for nickel, while others were above by 
60%. Also, both swimming pool samples exceeded the WHO 
guideline values for nickel.  Even though nickel is regarded as an 
essential trace metal, it is equally toxic at elevated concentration. 
Hair loss, lung fibrosis, skin allergies, outbreak of eczema, and 
variable degrees of kidney and cardiovascular system 
poisoning have been associated with humans exposed to high 
level of nickel (22). In addition, it has the tendency of 
substituting for iron and zinc in the body, thus interfering in the 
normal biochemistry (23).  
 
C.    Pollution Index (Pi) 
      Pollution index (Pi) is defined as the ratios of the 
concentration of individual parameter against the baseline 
standard. It provides information on the relative pollution 
contributed by individual samples. The critical value is 1.0, 
values greater than 1.0 indicates significant degree of pollution 
while values less than 1.0 shows no pollution (24, 25).  Pi is 
computed as: 
Concentration
Pollution index ( )
Standard
Pi 
 
      The pollution Index value is presented in Table 2. The values 
obtained for iron, lead, manganese, copper, zinc and nickel in all 
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the samples investigated revealed that some of the waters sources 
were polluted. Amongst the six metals, significant degree of 
pollution was seen in lead, iron and nickel. This confirms the 
results on trace metals above permissible limit (Fe, Pb and Ni), 
for the different water sources in section B above. 
 
IV. CONCLUSIONS AND RECOMMENDATIONS 
      Overall, the mean metal levels in the sampled water sources 
followed a descending order: Fe>Cu>Zn>Ni>Pb>Mn. Fe (92%), 
Ni (53%) and Pb (25%) in the observed water sources (Table 1) 
exceeded the maximum  permissible limits in drinking water and 
swimming pool as specified by WHO and SON standards. Also, 
the pollution index result obtained confirmed significant 
pollution in lead, iron and nickel. It is therefore suggested and 
advised that the concern contaminated sources be subjected to 
further treatments that will reduce drastically, the concentration 
of these identified trace metals which are capable of posing 
adverse threat to health of consumers and the society. Individuals 
are advised to take responsibility of their well-being by testing 
their drinking water sources periodically.  
  
REFERENCES 
[1] WHO/UNICEF. (2012). Estimated data from WHO/UNICEF Joint 
Monitoring Programme (JMP) for Water Supply and Sanitation. Progress 
on Sanitation and Drinking-Water, 2012 Update.  
[2] Ergul, H. A., Varol, T., Ay, U.  (2013). Investigation of heavy metal 
pollutants at various depths in the Gulf of Izmit.  Marine Pollution Bulletin 
73, 389–393. 
[3] Ndamitso,  M. M., Idris S, Likita M. B., Tijani J. O., Ajai A. I. and Bala A. 
A.(2013). Physicochemical and Escherichia coli assessment of selected 
sachet water produced in some areas of  Minna, Niger State, Nigeria. 
International Journal of Water Resources and Environmental Engineering, 
5(3) 134-140. 
[4] EPA. (2005).Water Health Series: Bottled Water Basics. Retrieved March 
13, 2014, from http://www.epa.gov/ogwdw/faq/ pdfs/ 
fs_healthseries_bottlewater.pdf. 
[5] Ikejimba, C. C and Sakpa, S. (2014). Comparative study of some heavy 
metals’ concentrations in water and Tympanotonus fuscatus var radula 
samples of Egbokodo River, Warri, Nigeria. International journal of 
Modern Biological Research, 2, 7-15. 
[6] Wu, J.L., Zeng, H.A., Yu, H., Ma, L., Xu, L.S. and Qin, B.Q.  (2012). 
Water and sediment quality in lakes along the middle and lower reaches of 
the Yangtze River, China.Water Resour. Manage, 12, 3601–3618.  
[7] EPA (1986). Air quality criteria document for lead. Environmental Criteria 
andAssessment Office, US Environmental Protection Agency, Research 
TrianglePark, North Carolina. 
[8] Nriagu, J.O. (1988). A silent epidemic of environmental metal poisoning? 
Environmental Pollution 50, 139-161. 
[9] Valavanidis, A. and Vlachogianni, T. (2010). Metal pollution in ecosystem, 
ecotoxicology studies & risk assessment in the marine environment. Dept. 
of Chemistry, University of Athens University Campus Zografou, 15784 
Athens, Greece. 
[10] Osibanjo. O and Majolagbe, A.O. (2012). Physicochemical quality 
assessment of groundwater based on land use in Lagos city, Southwest, 
Nigeria. Chemistry Journal), 2(2) 79-86. 
[11] Buschmann, J., Berg, M., Stengel, C., Winkel, L., Sampson, M.L., Trang, 
P.T.K. and Viet, P.H. (2008). Contamination of drinking water resources in 
the Mekong Delta floodplains: Arsenic and other trace metals pose serious 
health risks to population. Environment International, 34, 756–764. 
[12] Fraga, C.G. and Oteiza P.I. (2002). Iron toxicity and antioxidant nutrients. 
Toxicology, 180(1) 23-32. 
[13] EPA. (2013). Consumer Factsheet on: COPPER. Retrieved on March 25, 
2013 from http://water.epa.gov/drink/contaminants/index.cfm 
[14] EPA. (2009). Sampling and analysis of waters, wastewaters, soils and 
wastes. Retrieved March 13, 2011,from 
http://www.epa.vic.gov.au/~/media/Publications/IWRG701.pdf 
[15] World Health Organization. (2011). Guideline for drinking water quality – 
4th Edition. 
[16] SON (2007). Standard Organization of Nigeria, Nigerian Standard for 
drinking water quality, pp. 15-16. 
[17] Itah, A. Y and Ekpombok, M. M. (2004). Pollution Status of Swimming 
Pools in South-South Zone of South-Eastern Nigeria using Microbiological 
and Physicochemical Indices. Southeast Asian J Trop Med Public Health, 
35(2), 488 – 493.   
[18] Shalom, N. C., Obinna, C. N., Adetayo, Y. O. and Eze, V. 
N.(2011).Assessment of water quality in Canaan Land, Ota, Southwest 
Nigeria. Agriculture and Biological Journal of North America, (4) 577-583. 
[19] Oluyemi, E. A., Adekunle, A. S., Adenuga, A. A. and Makinde, W. O. 
(2010). Physico-chemical properties and heavy metal content of water 
sources in Ife North Local Government Area of Osun State, Nigeria. 
African Journal of Environmental Science and Technology, 4(10) 691-697. 
[20] Akoto O., Adiyiah J. (2007). Chemical analysis of drinking waterfrom some 
communities in the Brong Ahafo region. Int. J. Environ. Sci. Tech., 4 (2): 
211 
[21] Kayode, O. T. (2011). Occurrence and health implications of high 
concentrations of cadmium and arsenic in drinking water sources in selected 
towns of Ogun State, South West, Nigeria. Journal of Toxicology and 
Environmental Health Sciences, 3(15), 385-391.  
[22] Azab, Y.A., Mandour, R. A., Ibrahim, W, Kenawy, I., El-Menshawy. A and 
El-Zyat.,   Mostafa. (2010). Chemical evaluation of some heavy metals in 
surface drinking water in Dakahlyia Governorate and warning from their 
toxicity. Mansoura J. Forensic Med. Clin. Toxicol., XVIII (2), 69-80. 
[23] Shanker,K. A.(2008).Mode of action and toxicity of trace lements. In: Trace 
Elements: Nutritional Benefits, Environmental Contamination, and Health 
Implications. John Wiley & Sons, Inc, pp.525-555. 
[24] Akpoveta, O.V., Okoh B.E.  and  Osakwe, S.A. (2011). Quality assessment 
of borehole water used in the vicinities of Benin, Edo State and Agbor, 
Delta State of Nigeria. Current Research in Chemistry, 3: 62-69. 
[25] Umeobika, U.C., Ajiwe, V.I.E, Iloamaeke, M.I., Alisa, C.O. (2013). 
Physicochemical analysis   of rain water collected from 10 selected areas in 
Awka South, Anambra State, Nigeria. International Journal of Science 
Innovations and Discoveries, 3(1), 56-73. 
AUTHORS 
First Author – Winifred U. Anake, M.Sc. (Chemistry), 
Covenant University, Nigeria, Email: 
winifred.anake@covenantuniversity.edu.ng 
Tel.: +2348038384319 
Second Author – Nsikak U. Benson, Ph.D. (Marine Chemistry). 
Covenant University, Nigeria, Email: 
nbenson@covenantuniversity.edu.ng 
Third Author – Anuoluwa A. Akinsiku, M.Sc. (Chemistry), 
Covenant University, Nigeria, E-mail:   
anu.akinsiku@covenantuniversity.edu.ng 
Fourth Author – Cyril O. Ehi-Eromosele, M.Sc. (Chemistry), 
Covenant University, Nigeria, E-mail: cyril.ehi-
eromosele@covenantuniversity.edu.ng  
Fifth Author – Ifedayo O. Adeniyi, B.Sc. (Chemistry), 
Covenant University, Nigeria, E-mail: 
adeniyiifedayo@gmail.com  
Correspondence Author- Winifred U. Anake,  
Email: winifred.anake@covenantuniversity.edu.ng, 
Tel: +2348038384319 
 
 
